Measles infection decreased adherence of staphylococci, streptococci, and pneumococci to cultured epithelial cells, whereas adenovirus had no effect. Rhinovirus increased staphylococcal and streptococcal adherence. Influenza A increased or decreased staphylococcal adherence at different times after infection.
There is a well-recognized association between infection of the respiratory tract by viruses and subsequent bacterial colonization (7, 12) and infection (5, 12) . For instance, bacterial pneumonias associated with measles or influenza pose serious and potentially fatal problems to the host (5, 12) .
Many postulates for this relationship between viral and bacterial infections have been forwarded, including various defects in cellular immunity, macrophage function, and mucociliary transport (2, 6, (8) (9) (10) . Since attachment of pathogenic bacteria to mucosal surfaces is the first step in many infections (14) , it also seems possible that viral infection of epithelial cells may render them more susceptible to bacterial adherence. Indeed, Fainstein et serum, penicillin (100 U/ml), streptomycin (100 ,tg/ml), and amphotericin B (5 ,tg/ml).
Standard trypsinization procedures with the use of 0.01% Enzar T (Reheis) and 10' M ethylenediaminetetraacetic acid in calcium and magnesium-free phosphate-buffered saline were used to obtain cell suspensions for culture. Stock cells were maintained in plastic cell culture containers. Cultures for the viral infection and adherence assay were on 12-mm, circular, no. 1 coverslips in one-dram vials (Fischer) at a cell concentration of 100,000 cells per ml of medium.
Adenovirus type 2 and the Edmonston strain of measles virus stocks were prepared in HeLa 229 cell monolayers incubated at 35°C. Influenza A (NWS) virus stocks were prepared in embryonated hens' eggs, with the allantoic fluids being harvested after 48 h of incubation at 35°C. Rhinovirus type 1A stocks were prepared in HeLa line K cell monolayers incubated at 33°C. The fluids from infected cell cultures with moderate to marked cytopathic effects were pooled for each virus to obtain stock suspensions, which were stored at -70°C. Infectivity titers by established methods were as follows: adenovirus, 105.0 50% tissue culture doses per ml; influenza virus, 1075 plaque-forming units per ml (18) ; measles virus, 1060 plaque-forming units per ml (13) ; and rhinovirus, 107.0 plaque-forming units per ml (4 9 post-inoculation, however, revealed decreased bacterial adherence involving all three strains, but only that with S. aureus was statistically significant (Fig. 1) . These results could not be explained by a difference in cell density Cell surfaces of the Detroit 562 and HeLa K lines were studied by scanning electron microscopy. Both demonstrated microvilli projecting from the cell surface, the microvilli on the HeLa cell line being longer than on the Detroit 562 cells. Bacteria appeared to be associated with these microvilli and in many cases were clearly attached to them. No changes on the cell surface, as demonstrated by scanning electron microscopy, could be detected as a result of infection with any of the viruses (Fig. 2) .
These studies do not indicate the nature of the cell surface receptor that is altered by viral infection. However, Bartelt and Duncan have shown that mild treatment of uninfected cells with trypsin reduces bacterial adherence, thus suggesting that a cell surface protein is the receptor for bacteria (1). Sanford and co-workers have reported that influenza A infection of MDCK cells promotes bacterial adherence which can be blocked with antiinfluenza antibody, thus indicating that viral proteins may influence adherence (16) . The fact that in this study the effect of each viral infection was similar for all three strains of bacteria tested suggests that viral infections may induce generalized changes of the cell surface rather than only specific changes of isolated receptors. Alternatively, all three bacterial species may adhere to the same receptor on the epithelial cell surface.
It is intriguing to hypothesize that the increased bacterial adherence to cells infected with influenza A and rhinovirus may play a role in the pathogenesis of bacterial infections associated with diseases produced by these viruses.
